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Data Sheet

e A perforated Data Sheet is provided as pages 3 and 4 of this question
paper.

e This sheet may be useful for answering some of the questions in the
examination.

e You may wish to detach this sheet before you begin work.




Data Sheet

Fundamental constants and values
Quantity Symbol Value Units
speed of light in vacuo c 3.00x10° |ms™
permeability of free space | 4, 4n x 107 Hm™
permittivity of free space | ¢, 8.85x107"? |Fm™
charge of electron e 1.60x 10" | C
the Planck constant h 6.63x10* |Js
gravitational constant G 6.67x107" | N m® kg™
the Avogadro constant Na 6.02x10% | mol™
molar gas constant R 8.31 J K mol™
the Boltzmann constant k 1.38x 102 |JK™
the Stefan constant o 567x10°% |Wm?2K*
the Wien constant a 290x10° |mK
electron rest mass m, 9.11x 10 |kg
(equivalent to 5.5 x 107*u)
electron charge/mass ratio | e/m, [1.76x10" |Ckg™
proton rest mass m, 1.67x107 | kg
(equivalent to 1.00728u)
proton charge/mass ratio | e/m;, |9.58 x 107 Ckg?
neutron rest mass m, [1.67x1077 |kg
(equivalent to 1.00867u)
gravitational field strength | g 9.81 N kg™
acceleration due to gravity | g 9.81 ms?
atomic mass unit u 1.661 x 107 | kg
(1u is equivalent to
931.3 MeV)
Fundamental particles
Class Name Symbol Rest energy
/MeV
photon photon % 0
lepton neutrino Ve 0
Vu 0
electron e* 0.510999
muon w* 105.659
mesons pion T 139.576
n° 134.972
kaon K* 493.821
K° 497.762
baryons proton p 938.257
neutron n 939.551
Properties of quarks
Type Charge Baryon Strangeness
number
u +3 +3 0
d -1 +1 0
s -1 +31 -1
Geometrical equations
arc length = r0
circumference of circle = 2nr
area of circle = nr*
area of cylinder = 2mrh
volume of cylinder = nr’h
area of sphere = 4nr*
volume of sphere = % nr

Mechanics and Applied
Physics
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Data Sheet

magnitude of induced em.f = N —AA?
o = 22

V,
Vrms = 0

Mechanical and Thermal
Properties
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the Young modulus = ———— =
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energy stored =% Fe
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Nuclear Physics and Turning
Points in Physics
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Astrophysics and Medical

Physics
Body Mass/kg Mean radius/m
Sun 2.00 x 10°° 7.00 % 108
Earth  6.00 x 10%* 6.40 x 10°

1 astronomical unit = 1.50 x 10'' m

1 parsec = 206265 AU = 3.08 x 10" m =
3261y

1 light year = 9.45 x 10" m

Hubble constant (H) = 65 kms™ Mpc™

angle subtended by image at eye
M =

angle subtended by object at
unaided eye

d
m-M=5log —
10

AT = constant = 0.0029 m K

max

Medical Physics
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0
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Electronics
Resistors

Preferred values for resistors (E24)
Series:1.01.11.213151.61.82.02.2
24273.0333.63.9 4347515662
6.8 7.5 8.2 9.1 ohms

and multiples that are ten times greater

Vrms
Z:
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1 1 1 1
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Alternating Currents
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Operational amplifier
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G= voltage gain
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G=-— inverting
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G=1+—  non-inverting
R
Vi Vo 'V, .
Vou=-Ri| —+—=+—| summing
Ry R, Ry
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SECTION A: NUCLEAR INSTABILITY

Answer all of this question

1 (a) The lead nuclide *$Pb is unstable and decays in three stages through o and B emissions to a
different lead nuclide %% Pb. The position of these lead nuclides on a grid of neutron number, N,

against proton number, Z, is shown below.

N

129

10 Pb

128 ®

127

126

125

2 Pb

124 ®

123

79 80 81 82 83 84 &8 Z

On the grid draw three arrows to represent one possible decay route.
Label each arrow with the decay taking place. (3 marks)

(b) The copper nuclide % Cu may decay by positron emission or by electron capture to form a
nickel (Ni) nuclide.
Complete the two equations that represent these two possible modes of decay.

positron emission 5¢Cu

electron capture %Cu
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(¢) The nucleus of an atom may be investigated by scattering experiments in which radiation or
particles bombard the nucleus.

Name one type of radiation or particle that may be used in this investigation and describe the
main physical principle of the scattering process.

State the information which can be obtained from the results of this scattering.

You may be awarded marks for the quality of written communication in your answer.

(3 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over P
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SECTION B: MEDICAL PHYSICS

Answer all questions.

2 A convex lens is placed 0.25m from an object. The focused image produced is virtual and is 0.60 m
from the lens.

(a) Calculate

(i) the power of the lens,

(ii)) the magnification produced.

(3 marks)

(b) Draw aray diagram to show the formation of the image produced by this lens. The diagram does
not have to be to scale, but relevant distances must be marked.

(3 marks)
(c) (1) What defect of vision is this lens used to correct?

(ii)) A person has an unaided near point at 0.60m and an unaided far point at infinity.
Calculate the range of vision of the person when using this lens.

(4 marks)
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3 A ship sounds its foghorn. A person on a cliff hears the sound which has an intensity of 0.13 mW m >,
The sound suffered attenuation in travelling between the ship and the person.

(@) (1) Define intensity.

(3 marks)
(b) Calculate the intensity level of the sound heard by the person described above.

threshold of hearing 7, = 1.0 x 10 *Wm™

(2 marks)

TURN OVER FOR THE NEXT QUESTION

Turn over P
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4 (a) Describe the response of the heart to the action potential originating at the sino-atrial node.

You may be awarded marks for the quality of written communication in your answer.

(4 marks)

(b) The cell membrane action potential changes with time as shown.

potential/mV |
+40

0_

> time/s

The change in action potential results from ion movement in the same way as does the change
of action potential across a nerve membrane. AB is a region of depolarisation. CD is a region
of repolarisation.

(i) Describe the ion movement which produces depolarisation.

(3 marks)
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5 (a) When an X-ray image is obtained of certain organs, image contrast enhancement is necessary.
Explain why image contrast enhancement is needed and describe how this might be achieved.

(3 marks)
(b) A monochromatic X-ray beam of intensity 3.2 x 10>W m is incident on an aluminium sheet.
Calculate the thickness of aluminium required to reduce the intensity of the X-ray beam to
1.2%x10°Wm™.

mass attenuation coefficient of aluminium, y, = 0.012m’ kg

density of aluminium, p = 2700kgm™

(3 marks)

QUALITY OF WRITTEN COMMUNICATION (2 marks)

END OF QUESTIONS
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